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Abstract

Objective: Despite high rates of prenatal insomnia, efficacious treatment options for this
population are quite limited. Early evidence from randomized controlled trials (RCTs) support the
efficacy of face-to-face cognitive-behavioral therapy for insomnia (CBTI) for prenatal insomnia.
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Yet, as many patients are unable to access this specialist-driven care, a critical need exists to
increase its accessibility. This RCT examined the efficacy internet-based digital CBTI in pregnant
women with insomnia.

Methods: Single-site RCT. A total of 91 pregnant women (29.03 + 4.16 years) nearing/entering
the third trimester who screened positive for clinical insomnia on the Insomnia Severity Index
(IS1) were randomized to digital CBTI or digital sleep education control. The ISI, Pittsburgh Sleep
Quality Index (PSQI), Edinburgh Postnatal Depression Scale (EPDS), and Pre-Sleep Arousal
Scale’s Cognitive factor (PSAS-C) served as study outcomes, which were collected before
treatment and after treatment during pregnancy, then six weeks after childbirth.

Results: From pre to posttreatment, CBTI patients reported reductions in 1SI (-4.91 points, p <
0.001) and PSQI (-2.98 points, p < 0.001) and increases in nightly sleep duration by 32 min (p =
0.008). Sleep symptoms did not change during pregnancy in the control group. After childbirth,
CBTI patients, relative to controls, slept longer by 40 min per night (p = 0.01) and reported better
sleep maintenance. No pre or postnatal treatment effects on depression or cognitive arousal were
observed.

Conclusions: Digital CBTI improves sleep quality and sleep duration during pregnancy and
after childbirth. To better optimize outcomes, CBTI should be tailored to meet the changing needs
of women as the progress through pregnancy and early parenting.

Name: Insomnia and Rumination in Late Pregnancy and the Risk for Postpartum Depression.

URL: clinicaltrials.gov. Registration: NCT03596879.

Keywords

Pregnancy; Perinatal; Postpartum; Cognitive arousal; Depression; RCT

Introduction

Sleep disturbance and insufficient sleep are endemic to pregnant women [1-6]. Over half of
pregnant women meet the diagnostic criteria for insomnia disorder [7] or endorse clinically
significant insomnia symptoms [1,5,8]. Compelling evidence including prospective data
indicate that these sleep disturbances increase across pregnancy and are most severe in the
third trimester [2,4,8-10], although some evidence suggests that the prevalence of insomnia
is unchangingly high across pregnancy [1]. Insomnia and insufficient sleep during pregnancy
are associated with negative maternal outcomes such as depression and suicidal ideation
[7,11-15], cognitive-emotional dysregulation [12,16,17], and reduced quality of life [17]
among myriad other consequences [10]. Despite alarmingly high rates of prenatal insomnia
and known associated complications, empirically supported treatment options for insomnia
have been very limited for pregnant women [18].

In the broader US adult population, individuals with insomnia often seek treatment via
prescription and/or over-the-counter (OTC) sleep aids [19,20]. However, the Food and Drug
Administration (FDA) categorizes most prescription sleep-promoting medications as
pregnancy Category C or D and thus are not considered safe for use during pregnancy [21].
The FDA designates common OTC sedating antihistamine medications, namely doxylamine
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and diphenhydramine, as Category A or B, respectively. These medications are typically
recommended for use during pregnancy for allergy symptoms and nausea. However, no large
randomized controlled trials (RCTs) have been conducted to thoroughly examine the
efficacy and safety profiles of these OTC antihistamines for mother and child based on
medication dosage and duration needed to alleviate perinatal insomnia [21,22]. Therefore,
no sleep aids, prescription or OTC, are presently considered safe and efficacious for
insomnia during pregnancy. Even so, over 90% of pregnant women self-treat insomnia
symptoms with OTC antihistamines [21].

Cognitive-behavioral therapy for insomnia (CBTI), the guideline recommended treatment
for insomnia [23], is highly effective and confers benefits over pharmacotherapy including
superior long-term insomnia outcomes [24,25]. Recent evidence has begun to support the
efficacy of CBTI during pregnancy. An open-label trial showed medium to large effect sizes
in reducing sleep disturbances including latency to sleep and wake after sleep onset for
pregnant women who completed a five-week CBTI group therapy program [26].
Randomized controlled trials (RCTSs) also support CBTI efficacy in this population. CBTI
delivered in individual and group formats produce superior treatment effects on insomnia
symptoms during pregnancy compared to control [27,28]. Not only is CBTI efficacious in
pregnancy, but pregnant women perceive CBTI as a more credible treatment option than
pharmacotherapy and acupuncture [22], thus supporting its potential for patient engagement
and real-world uptake.

Despite emerging efficacy and positive appraisals for CBTI for prenatal insomnia, access to
this treatment is severely limited. Few US adults with insomnia have access to behavioral
sleep medicine specialists who provide CBTI treatment [29,30]. This limited access is due to
a shortage of CBTI practitioners and, further complicating matters, uneven geographic
distribution of certified practitioners clustered in select urban areas [29]. Efforts to increase
CBT]I access have leveraged web and mobile health technology and clinical trials is the
general US adult population show efficacy for CBTI delivered automated mobile health apps
[31-39].

Despite the critical need for safe alternatives to pharmacological treatment in this population
and the shortage of healthcare providers capable of delivering CBTI, the efficacy of web-
based CBT-I in this population has not been established. Not only do pregnant women face
the same access barriers as insomnia patients in the broader population [29,30], but pregnant
women also have additional unique logistical barriers including managing other recurring
prenatal health appointments, reserving medical leave for other prenatal and postnatal
appointments, and preserving personal time off for maternity leave. Thus, it is critical to
increase access to insomnia treatment for pregnant women that maximizes flexibility while
preserving efficacy. As digital CBTI has proven highly efficacious at improving sleep in
broader adult populations [40], leveraging this technology to increase reach and accessibility
of insomnia care for pregnant women has immense potential to improve sleep and mental
wellbeing in this vulnerable population.

The present study was a single-site RCT comparing digital CBTI and digital sleep education
control for the treatment of clinically significant insomnia symptoms in pregnant women
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nearing/entering the third trimester. We targeted pregnant women in mid-to-late pregnancy
based on evidence that prenatal sleep quality is worst in the third trimester [2,4,8-10]. We
examined acute treatment effects in the prenatal period as well as longer term effects in early
postpartum, which is a transition period of sleep instability for mother and child. We
hypothesized that pregnant patients receiving digital CBTI would report greater
improvements in sleep (decreased insomnia symptoms, decreased sleep disturbance,
increased sleep duration), depressive symptoms, and nocturnal cognitive arousal relative to
control patients. In addition, we hypothesized that these treatment group differences would
be maintained six weeks after childbirth.

2. Methods
2.1. Study design

In a 6-hospital healthcare system, we randomized patients nearing or entering the third
trimester of pregnancy in a randomized controlled trial comparing the efficacy of digital
CBTI versus digital sleep education control. The study was approved by the Internal Review
Board at the site where the study was located. All patients provided written consent to
participate. The trial was registered at the US National Institutes of Health
(ClinicalTrials.gov) #NCT03596879.

2.2. Study populations

Pregnant women receiving prenatal care in the health system were invited to be assessed for
eligibility. Inclusion criteria were clinically significant insomnia symptoms on a validated
self-report instrument (ISI score > 10 [41], see Measures below) and gestational age between
25 and 30 weeks at time of eligibility screening. Exclusion criteria included high risk
pregnancy per self-report (any reason), being in the care of the maternal-fetal medicine team
for high risk pregnancy (any reason) per electronic medical records, multiple pregnancy,
prescription or over-the-counter sleep aid use at the time of screening, alcohol or
recreational drug use at time of screening, current rotating and/or night shift work, epilepsy
or seizures, bipolar disorder, diagnosis of a sleep disorder that is untreated (other than
insomnia), and severe depression (Edinburgh Postnatal Depression Scale [EPDS] score = 19
[42], see Measures below).

Invitations advertising a study on perinatal sleep (without mentioning either that we were
focused on poor sleep or that we were evaluating sleep treatments) were sent via email and
phone calls to 3585 patients. A total of 535 women contacted us with interest in our study.
Of these patients, 272 women consented to participating in the study, 267 of whom provided
sufficient data for full eligibility determination, which were collected between September
12, 2018 and March 9, 2019. Of these 267 screeners, 156 women met insomnia symptom
inclusion criteria for the RCT. However, 65 of these women were not enrolled into the trial
for the following reasons: completed eligibility screening after gestational age limit for RCT
inclusion (n = 39), high risk pregnancy (most cases were considered high risk due to age; n
= 10), sleep medications (only doxylamine and diphenhydramine reported; n = 10), severe
depression (n = 3), did not want to participate (n = 2), shift work (n = 2), patient-reported
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untreated sleep apnea (n = 2), multiple pregnancy (n = 2), and current alcohol or recreational
substance use (n = 2). See Fig. 1 for study flowchart.

2.3. Study interventions

Enrolled patients were randomly assigned to receive either digital CBTI or digital sleep
education control. For randomization, we used blocked randomization with a block size of
10 and an allocation ratio of 1:1. Research assistants uninvolved in hypothesis generation or
data analysis generated randomization allocation, enrolled patients, and assigned patients to
interventions. Due to the nature of the interventions, patients were not blinded to
intervention, but they were not informed as to whether their treatment was considered active
or control.

2.3.1. Digital cognitive behavioral therapy for insomnia—~Patients randomized to
CBTI completed the Sleepio program via the internet (www.sleepio.com, Big Health Inc.).
Sleepio is among several currently available digital CBTI programs and was selected for this
study because it is evidence-based, standardized, fully automated, and has been tested in
multiple RCTs comprising several thousand patients including several of our own trials [31-
39]. In the present study, patients were granted access to Sleepio until either (A) they
completed six sessions of digital CBTI or (B) they gave birth. The intervention covered
behavioral components (sleep restriction, stimulus control), cognitive components (eg,
cognitive restructuring, paradoxical intention), progressive muscle relaxation, and sleep
hygiene. Only one modification was made to accommodate our pregnant patients: in sleep
restriction, time in bed could not be prescribed as <6 h, which is consistent with other
perinatal CBTI trials [27,43]. Sessions were directed by an animated ‘virtual therapist’ who
reviews and guides progress with the patient based on submitted sleep data. Participants
were granted access to new sessions weekly (ie, new session became available a week after
completing a previous session).

2.3.2. Digital sleep education control—Patients randomized to the online sleep
education condition received six weekly emails based on the National Institutes of Health
guide to healthy sleep [44]. Information was provided on the basics of sleep regulation;
relationships between sleep and health problems such as obesity, diabetes, and
cardiovascular disease; effects of sleep-disruptive substances such as caffeine, nicotine, and
alcohol; and tips on creating a sleep-conductive bedroom environment. Psychoeducation and
sleep hygiene were selected because they are common in clinical practice, especially in
primary care [45,46], and also because they are commonly used as an attention control in
clinical trials of insomnia. Importantly, sleep education is not considered an effective
standalone treatment for insomnia [47].

2.4. Study outcomes

All study outcomes were assessed via online surveys hosted by Qualtrics. Assessment
schedule included assessments at (1) pretreatment: 1-2 weeks before treatment, (2)
posttreatment. a week after completing treatment or upon discontinuing treatment (indicated
by informing study personnel of their discontinuation or after two weeks of not engaging in
treatment), and finally (3) postnatal follow-up. six weeks after childbirth. All pretreatment
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measures retained their original assessment windows, whereas posttreatment and follow-up
measures were modified to assess symptoms over ‘the prior week’ to ensure that symptom
levels after treatment were estimated for a uniform time period across measures and to
minimize likelihood of administering posttreatment assessments after childbirth (note: all
posttreatment assessments in the present study were completed before childbirth).

Insomnia Severity Index (15/) measured global insomnia symptom severity [41,48], which
was a primary outcome in this RCT. Scores range from 0 to 28 with higher scores indicating
greater severity. 1Sl 210 indicates clinically significant insomnia symptoms. Per standard
practice, treatment response was operationalized as a reduction of =6 points on the scale and
remission was defined as ISI <7.

Global sleep disturbance was measured using the Pittsburgh Sleep Quality Index [49]
(PSQI), which was a primary outcome in this RCT. The PSQI measures a wide range of
sleep parameters over the past month including sleep duration, sleep latency, sleep aid use,
and sleep difficulties related to insomnia, breathing difficulties, environmental stimuli, and
other factors. A global cutoff score of PSQI >5 is the original cutoff for differentiating good
vs poor sleepers, which has been widely supported. We used item-level data to classify
patients as having sleep onset insomnia symptoms (item 5a: endorsing inability to fall asleep
within 30 m on =3 nights/week) and sleep maintenance insomnia symptoms (item 5b:
endorsing difficulties with nighttime awakening and/or early morning awakenings on =3
nights/week). This method of classifying sleep onset insomnia symptoms and sleep
maintenance insomnia symptoms with the PSQI has been supported by prior research [5,50—
52]. In addition to measuring sleep disturbances, we used the PSQI to assess habitual sleep
duration (item #4a) as a secondary outcome due to CBTI’s documented inconsistent effects
on sleep duration. We operationalized women sleeping <6 h as short sleepers, which is
consistent with current practices for objective and self-reported sleep duration [53,54].

Edinburgh Postnatal Depression Scale (EPDS) measured depression [42], which served as a
secondary outcome. Scores range from 0 to 30 with higher scores indicating greater severity.
EPDS scores =10 suggest clinically significant minor or major depression [55]. EPDS scores
>19 represent severe depressive symptoms [56]. To assess suicidal ideation, we examined
item #10 and operationalized any level of endorsement as a positive case.

Presleep Arousal Scale— Cognitive factor (PSAS-C) [57] measures trait tendency for
cognitive arousal while trying to fall asleep at night, which served as a secondary outcome.
Example items from the PSAS-C are “review or ponder events of the day” and “can’t shut
off thoughts.” Scores range from 8 to 40 with higher scores indicating greater nocturnal
cognitive arousal. PSAS-C scores >19 may indicate clinically significant insomnia and
affective symptoms [58].

2.5. Sociodemographics, health information, and potential covariates

At screening, patients provided standard sociodemographic and health information including
age, race, and parity. In addition, patients reported whether they snore (Yes/No) and
estimated the timing of their insomnia onset, which we dichotomized into pre-pregnancy vs
gestational onset for analysis. We collected data in both conditions on number of sessions
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completed to assess adherence. In postnatal assessments, patients were asked ‘Over the past
week, has your baby been difficult to soothe or has your baby been colicky?’ to which
patients responded on a 4-point Likert-type scale (Z = No, my baby has not been fussy much
at all and is very easy to sootheto 4= Yes, my baby has been very colicky and/or difficult to
soothe). Body mass index (BMI) as an indicator of obesity (operationalized as BMI =35)
was derived from electronic medical records from visit notes closest to the screening date.

2.6. Analysis plan

Power analyses indicated that with an anticipated sample size of n = 90 and anticipating
medium-large posttreatment group differences in insomnia outcomes (Cohen’s d = 0.65), we
would have 0.86 power to detect effects at a significance level of a = 0.05. Study outcomes
were downloaded directly from Qualtrics and all analyses were performed in SPSS version
25 (IBM Corp) with a significance value of 0.05. Our primary analyses were conducted
using an intent-to-treat approach using last observation carried forward, which is a
conservative approach and includes all randomized patients. We first examined descriptive
data for sample characteristics and compared treatment conditions on sociodemographics,
pregnancy-related information, snoring, insomnia onset timing, pretreatment values of study
outcomes, and treatment adherence. Independent samples t-tests were used to compare
groups on continuous variables, whereas chi-square analysis was used to compare groups on
dichotomous variables. To examine treatment effects, we ran two series of repeated
measures analysis of covariance (ANCOVA) models and univariate ANCOVA models. First,
we used repeated measures ANCOVA to analyze acute main effects of Time and interaction
effects of Treatment X Time on study outcomes from pre to posttreatment. When a
significant Treatment X Time effect was observed, we conducted posthoc paired samples t-
tests to examine within group changes in study outcomes. For all study outcomes, we then
conducted univariate ANCOVAS to test for group differences in posttreatment values while
controlling for relevant covariates. This process was then repeated to examine changes in
study outcomes from pretreatment to postnatal follow-up. In all ANCOVA models, we
entered timing of insomnia onset (pre-pregnancy vs gestational) as a covariate to test
whether treatment outcomes were associated with insomnia symptom onset. In addition, we
entered pretreatment group differences as covariates into all ANCOVA models to control for
potential confounds. In ANCOVA models testing postnatal outcomes, we controlled for
reported infantile colic due to potential effects on maternal sleep and mood. When
significant treatment effects were observed, we conducted posthoc analyses to compare rates
of treatment response and disease remission when applicable.

3. Results

3.1. Sample characteristics and differences by treatment condition

A total of 91 women (aged 29.03 * 4.16y, gestational week: 27.76 + 0.87) participated in
this study. We sought a total RCT sample size of 90. However, the number of eligible
patients with insomnia exceeded this target by one in our last wave of recruitment. Instead of
excluding this patient from the trial, she was randomly assigned to treatment (1:1 ratio).
Trial recruitment ended when we reached our target sample size. The sample mostly
identified as non-Hispanic white (51.6%) or non-Hispanic black (31.9%). Prior to treatment,
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mean ISI scores were in the clinical range (14.49 + 3.47), mean PSQI scores indicated
elevated sleep disturbances in the sample (9.36 + 2.84), and women estimated sleeping an
average of 6.29 + 1.23 h per night (24.6% of the sample reported sleeping < 6 h/night before
treatment). Pretreatment mean EPDS scores were slightly below the clinical cutoff for
possible depression (8.45 + 4.47) and mean PSAS-C scores were elevated (22.34 + 6.54)
indicating high nocturnal cognitive arousal. Please see Table 1 for additional
sociodemographic, sleep, and pregnancy-related information.

Next, we compared treatment groups on sociodemographics, pretreatment symptoms, and
treatment compliance indices. Sociodemographic characteristics did not differ between
treatment conditions. However, CBTI patients, relative to controls, reported higher rates of
snoring (Table 1). Despite CBTI patients reporting greater pretreatment depressive
symptoms (Table 2), the two groups did not differ in frequency of pretreatment suicidal
ideation (CBTI vs control: 4.3% vs 6.7%, x 2 = 0.24, p = 0.63). Additionally, an association
suggesting that CBTI patients completed fewer sessions that controls approached
significance (Table 1). Attrition was low overall, and rates did not differ significantly by
group: 1.1% of posttreatment outcome data were missing (1 control, 0 CBTI patients) and
5.5% of six-week postnatal follow-up data were missing (3 controls, 2 CBTI patients).

3.2. Treatment effects on sleep and cognitive-emotional symptoms

All repeated measures and univariate ANCOVA models examining Treatment X Time
interactions and group differences controlled for insomnia onset timing and group
differences in snoring, depressive symptoms, and number of sessions completed as potential
confounds. In addition, models predicting postnatal study outcomes controlled for maternal
reports of infantile colic.

3.2.1. Insomnia—We first conducted a repeated measures ANCOVA examining changes
in ISI from pre to posttreatment as estimated by Treatment as a between-subjects factor (see
Table 2 for full results and Fig. 2 for visual representation of data). In the full sample,
insomnia symptoms did not change from pre to posttreatment [F(1,85) = 1.58, p = 0.21].
However, we observed a significant Treatment X Time interaction [F(1,85) =8.22,p =
0.005]. Paired samples t-tests showed that ISI scores significantly decreased in the CBTI
group by 4.91 points [t(45) = -5.61, p < 0.001, Cohen’s d = 0.86], whereas no significant
change in I1SI was observed in the control group. We observed no significant Covariate X
Time effects. A univariate ANCOVA comparing posttreatment ISI scores between groups
showed that CBTI patients reported lower insomnia symptoms on the ISI by 2.89 points
after treatment than controls [F(1,85) = 4.15, p < 0.05, see Table 2 for means]. Consistent
with these posttreatment differences, treatment response rates were higher in the CBTI
group than control (37.0% vs 13.3%, XZ =6.72, p=0.01) and a similar group difference in
remission rates approached significance (34.8% vs 17.8%, X2 =3.39, p = 0.07).

To explore which aspects of nocturnal sleep improved with treatment, posthoc chi-square
tests compared rates of sleep onset insomnia symptoms and sleep maintenance insomnia
symptoms before and after treatment between conditions. Before treatment, CBTI and
control conditions did not differ in rates of sleep onset insomnia (41.3% vs 44.4%, x2 =

Sleep Med. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kalmbach et al.

Page 9

0.09, p = 0.76) or sleep maintenance insomnia (84.8% vs 77.8%, XZ =0.74, p = 0.39). Vet,
after treatment, CBTI patients, relative to controls, reported lower rates of both sleep onset
insomnia (15.2% vs 35.7%, Xz =4.92, p = 0.03) and sleep maintenance insomnia (67.4% vs
85.7%, x2 = 4.06, p = 0.04).

Next, we ran a repeated measures ANCOVA examining changes in I1SI from pretreatment to
six-week postnatal follow-up. We observed a significant main effect of time [F(1,84) =
11.32, p = 0.001] revealing that ISI scores for the full sample were 5.06 points lower after
childbirth relative to pretreatment levels. The Treatment X Time interaction, however, was
non-significant and a univariate ANCOVA revealed that postnatal ISI scores did not differ
between treatment conditions (Table 2).

Although Treatment X Time effects were not observed after childbirth, we conducted
exploratory posthoc comparisons of sleep onset and maintenance symptom rates. CBTI and
control patients did not differ on rates of postnatal sleep onset insomnia (6.8% vs 7.3%, XZ =
0.01, p = 0.93). However, CBTI patients, relative to controls, reported lower rates of sleep
maintenance insomnia after childbirth (65.9% vs 85.4%, x2 = 4.32, p = 0.04).

3.2.2. Sleep disturbance—To examine changes in global sleep disturbance, we
conducted a repeated measures ANCOVA examining changes in PSQI from pre to
posttreatment as estimated by Treatment as a between-subjects factor (see Table 2 for full
results and Fig. 2 for visual representation of data). No main effect of time was observed
[F(1,85) = 0.75, p = 0.39], but we observed a significant Treatment X Time interaction
[F(1,85) = 16.72, p < 0.001]. Paired samples t-tests showed that PSQI scores significantly
decreased in the CBTI group by 2.98 points [t(45) = —6.31, p < 0.001, Cohen’s d = 0.93],
whereas no significant change in PSQI was observed in the control group. A univariate
ANCOVA comparing posttreatment PSQI scores showed that CBTI patients reported lower
levels of sleep disturbance after treatment relative to control patients [F(1,85) =9.97, p =
0.002]. Among poor sleepers before treatment (PSQI > 5), 44.2% (19/45) of CBTI patients
were re-classified as good sleepers after treatment, which was nearly 3 times greater than the
frequency of 15.0% (6/40) in the control group (X2 =7.20, p = 0.007). We observed no
significant Covariate X Time effects.

Next, we ran a repeated measures ANCOVA examining changes in PSQI from pretreatment
to postnatal follow-up. A main effect of time was observed such that PSQI scores in the full
sample decreased by 2.10 points between pretreatment and postnatal follow-up [F(1,84) =
5.13, p = 0.03]. However, the Treatment X Time interaction was non-significant [F(1,84) =
1.16, p = 0.13, Table 2] as were Covariate X Time effects. A univariate ANCOVA revealed
that postnatal PSQI scores did not differ between treatment conditions [F(1,84) = 0.27, p =
0.61, Table 2].

3.2.3. Sleep duration—To examine changes in sleep duration, we conducted a repeated
measures ANCOVA examining changes in sleep duration from pre to posttreatment as
estimated by Treatment as a between-subjects factor (see Table 2 for full results and Fig. 2
for visual representation of data). We observed a significant main effect of time such that
mean sleep duration in the full sample increased by 7 min per night [F(1,84) = 3.97,p <
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0.05]. Importantly, we observed a significant Treatment X Time interaction [F(1,85) = 4.94,
p = 0.03]. Paired samples t-tests showed that sleep duration significantly increased in the
CBTI group by 32 min per night [t(45) = 2.79, p = 0.008, Cohen’s d = 0.41], whereas no
significant change in sleep duration was observed in the control group. A univariate
ANCOVA comparing posttreatment sleep duration showed that CBTI patients reported
longer sleep than controls by 55 min [6 h 51 min vs 5 h 56 min; F(1,85) = 6.78, p = 0.01,
Table 2]. We observed no significant Covariate X Time effects.

Next, we ran a repeated measures ANCOVA examining changes in sleep duration from
pretreatment to postnatal follow-up as estimated by Treatment (Table 2). The main effect of
time on sleep duration between pretreatment and postnatal follow-up was non-significant (p
= 0.27). However, the Treatment X Time interaction was again significant [F(1,84) = 4.67, p
= 0.03]. Relative to pretreatment sleep duration, paired samples t-tests showed that sleep
duration decreased by 30 min per night after childbirth in the control group [t(44) = -3.97, p
< 0.001, Cohen’s d = 0.60], but that postnatal sleep duration in the CBTI group did not differ
from pretreatment sleep duration. A univariate ANCOVA revealed that CBTI patients slept
significantly longer than controls after childbirth by 40 min per night [6 h 6 min vs 5 h 26
min; F(1,84) = 6.50, p = 0.01, Table 2].

3.2.4. Depression—See Fig. 2 for visual representation of data. A repeated measures
ANCOVA examining changes in EPDS from pre to posttreatment showed no significant
main effect of time (p = 0.94), but revealed a significant Treatment X Time interaction
[F(1,86) = 4.02, p < 0.05, Table 2]. However, a univariate ANCOVA showed that
posttreatment EPDS scores did not differ between CBTI and control patients [F(1,85) =
0.62, p = 0.43], indicating that the significant Treatment X Time interaction was due to
pretreatment group differences in depressive symptoms (Table 2). No Covariates X Time
interactions were significant.

A repeated measures ANCOVA examining EPDS changes from pretreatment to postnatal
follow-up revealed a significant main effect of time such that EPDS scores decreased by
3.48 points from pretreatment to postnatal follow-up [F(1,85) = 7.50, p = 0.008]. However,
no Treatment X Time interaction was observed [F(1,85) = 2.52, p = 0.12] and a univariate
ANCOVA showed that postnatal EPDS scores did not differ by treatment condition [F(1,85)
=0.00, p = 0.95].

Analyses comparing frequency rates of suicidal ideation between conditions revealed a
statistical trend to suggest that CBTI may reduce suicidal ideation as posttreatment rates
were lower in the CBTI than in the control group (0.0% vs 6.7%, X2 =3.17, p=0.08).
Specifically, all three patients in the control condition who were suicidal before treatment
remained suicidal after treatment. In comparison, both of the 2 CBTI patients who were
suicidal before treatment reported no suicidal ideation at posttreatment. Later, at six-week
postnatal follow-up, 1 CBTI patient endorsed suicidal ideation (2.2%) compared to two
controls (4.4%), but the difference was non-significant (p = 0.54).

3.2.5. Nocturnal cognitive arousal—We then ran these analyses predicting changes
and treatment group differences on the PSAS-C. From pre to posttreatment, no main effect
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of time (p = 0.27) or Treatment X Time interaction (p = 0.45) was observed. Between
pretreatment and postnatal follow-up, a main effect of time was observed as PSAS-C
decreased in the full sample by 7.99 points [F(1,84) = 4.09, p = 0.046], whereas no
Treatment X Time effect was observed (Table 2).

4. Discussion

In a sample of 91 perinatal women, we evaluated the efficacy of digital CBTI in comparison
to digital sleep education control for prenatal insomnia. Evidence supported the efficacy of
digital CBT] for this population with improvement in sleep onset and maintenance
symptoms and sleep duration. Importantly, this RCT was the first to show that CBTI during
pregnancy protects against sleep loss after childbirth. Despite these improvements in sleep,
we observed no treatment effects of digital CBTI on depressive symptoms or cognitive
arousal. Taken together, these data suggest that digital CBTI may be a viable treatment
option for pregnant women with insomnia, but that it likely requires modifications to
maximize outcomes in pregnant and postpartum women.

4.1. Digital CBTI improves sleep during pregnancy

The primary sleep complaint prior to treatment was the inability to maintain sleep, thus
confirming sleep maintenance difficulties as the most common feature of prenatal insomnia
[1,2,5]. Regarding CBTI efficacy, women in the CBTI arm of the present trial, relative to
those receiving sleep education, were more likely to respond to treatment, slept longer at
night, and were less likely to have difficulty falling and staying asleep during pregnancy.
Indeed, the ability to fall asleep normalized in the CBTI group during pregnancy.
Nevertheless, rates of difficulty staying asleep remained above normal limits after treatment
in both groups despite significant improvement with CBTI. This refractory sleep
maintenance insomnia suggests that standard CBT] is presently ill-designed to adequately
address these difficulties in pregnant women. Important to emphasize here is that some
aspects of pregnancy that disrupt sleep may not be fully amenable to CBTI. For instance,
awakenings related to frequent urination or difficulty finding a comfortable position that are
common in late pregnancy [5] may not be solved by CBTI strategies. Even so, successful
implementation of CBTI may minimize the duration of these awakenings.

These RCT results are highly consistent with a recently published RCT of digital CBTI in
pregnant women by Felder and colleagues that showed that CBTI outperformed waitlist
control for improving prenatal insomnia and sleep efficiency [59]. Despite promising results
for digital CBTI in these two RCTSs, digital CBTI produced remission rates <50% in both
trials, which may suggest that standard CBTI may not be ideally equipped to treat prenatal
insomnia.

Although Felder and colleagues’ RCT [59] and our own treated pregnant women with the
same digital CBTI program, some notable differences in study outcomes were produced.
First, we observed significant effects on sleep duration before and after childbirth, whereas
Felder’s team did not. We cannot precisely identify why trial findings diverged on sleep
duration during pregnancy, but it is notable that women in our trial reported sleeping <6.5 h
per night before treatment, whereas average pretreatment sleep duration in Felder’s trial
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neared 7 h. This may have created a ceiling effect in their study. Regarding postpartum
outcomes, Felder’s team did not report postpartum outcomes, thus it is presently unknown
whether CBTI during pregnancy had longer lasting effects after childbirth in their trial.
Regarding non-sleep outcomes, Felder’s trial observed antidepressant effects for CBTI,
whereas our study did not. CBTI effects on depression are often modest especially for
patients with mild depressive symptoms before treatment [60,61], and it is possible that our
smaller sample size may have limited our ability to detect such effects.

4.2. Digital vs face-to-face CBTI for perinatal insomnia

Findings from Felder’s RCT [59] and our own are mostly consistent with results from an
RCT supporting the efficacy of CBTI of clinician-administered face-to-face CBTI to
substantially improve sleep quality and modestly alleviate depressive symptoms during
pregnancy in women with insomnia disorder [27]. In all three studies, pretreatment ISI
scores were ~15, whereas posttreatment scores were 8 in the face-to-face CBTI RCT and 9
in this trial for digital CBTI (posttreatment 1SI mean not reported in Felder’s RCT [59]).
Notably, posttreatment means in this study and Manber’s face-to-face RCT were not in full
remission range, thus indicating the need for refinements to this treatment modality or
additional treatment options to achieve remission in many pregnant women with insomnia.

Even so, early evidence suggests that face-to-face CBTI may be more efficacious for
perinatal insomnia than presently available digital CBTI programs that are not tailored to
pregnancy or postpartum. Despite similar changes in mean ISl scores in the active treatment
arms of this RCT and Manber’s face-to-face CBTI trial, we observed lower remission rates
after digital CBTI than previously observed for face-to-face CBTI (35% in digital CBTI vs
64% in face-to-face CBTI [27], based on the same operationalization of remission). Indeed,
Felder’s RCT produced [59] remission rates of 44% with digital CBTI, which was lower
than Manber’s face-to-face CBTI.

Important to emphasize, however, is that differential rates of remission between CBTI and
control appear similar for digital and face-to-face CBTI: 17e22% difference in remission
rates between digital CBTI and control, compared with 12% difference in remission rates in
face-to-face RCT [27]. It is unclear why control remission rates were so high in the previous
face-to-face study (52%) compared with 18e22% in the digital CBTI trials. However, high
remission rates in the control condition of Manber’s RCT may be attributable in part to
including psychoeducation on maternal and infant sleep (potentially normalizing dramatic
changes in maternal sleep), differences in method of contact (digital control vs face-to-face
control), sampling differences (eg, patients who engage in face-to-face treatment may be
more highly motivated than those who engage in digital treatment), or some combination.
Even so, these early data suggest that, for pregnant women with insomnia, face-to-face
CBTI (in-person or real-time video telemedicine) may be more efficacious than digital CBTI
for which currently available programs are not tailored for pregnancy or postpartum.

4.3. Digital CBTI improves sleep after childbirth

In early postpartum, patients who received digital CBTI were less likely to have sleep
maintenance insomnia symptoms and slept an average of 40 min longer per night. To
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emphasize the magnitude of difference between groups, patients in the control condition
reported sleeping an average of <6 h per night, which is linked to serious morbidity and
early mortality [54,62], whereas treated patients averaged > 6 h per night. Our study is the
first trial to provide evidence to suggest that improving sleep during pregnancy via CBTI
also benefits postpartum sleep and possibly offers protection for new mothers from against
postnatal disruptions to maternal sleep. In other words, although many new moms
experience frequent nighttime awakenings due to infant feeding or poor infant sleep, moms
who receive cognitive and behavioral direction in promoting good sleep may be better
equipped to re-initiate sleep after middle-of-the-night awakenings, whereas those without
this guidance may be susceptible to prolonged and excessive nighttime wake bouts. This is
consistent with prospective data showing that CBTI (face-to-face and digital) produces long-
term improvements in sleep and prevents the development of mental illness over months and
years in the broader patient population [32,63].

Although digital CBTI produces improvement in postnatal sleep duration, we also observed
that postnatal insomnia symptoms decreased significantly in both the CBTI and sleep
education control conditions and that few patients reported difficulty falling asleep in early
postpartum. This pattern may reflect two non-mutually exclusive possibilities. For women
who developed insomnia gestationally, childbirth may represent a removal of the insomnia
trigger and thus allow some sleep normalization in postpartum. In addition, newborn infants
have highly dysregulated sleep and also need to feed during the night, thus high levels of
sleep restriction in the newborn period may have washed out some of the postnatal treatment
effects on insomnia symptoms by sleep depriving moms. Thus, it remains unclear to what
extent insomnia symptoms re-emerge after infant sleep patterns stabilize and whether
mothers who received CBTI may be protected against worsening insomnia later in the
postpartum period.

4.4. The need to enhance the antidepressant effects of CBTI

Digital CBTI in the general adult population improves depressive symptoms [31,32,35,64],
and the prior face-to-face and digital CBTI RCTs for prenatal insomnia revealed small but
significant effects on depression in patients with mild symptoms before treatment [27,59]. In
the present study, however, patients who received digital CBTI did not report lower
depressive symptoms during pregnancy following treatment or at postnatal follow-up. Given
that RCTs of CBTI show modest to no therapeutic benefit for perinatal depressive
symptoms, it appears that standard CBTI—irrespective of delivery method—may be ill-
designed to reduce perinatal depressive symptoms in a substantial and clinically meaningful
way.

Even so, we observed a statistical trend to suggest that CBTI may reduce suicidal ideation
after treatment. In other trials, improving sleep quality with digital CBTI effectively reduces
two-year risk of developing clinical depression [32]. It is possible that reducing insomnia
symptoms (particularly difficulty falling asleep, which is closely linked to perinatal
depression and suicidality [12]) and extending sleep duration may reduce suicidal thoughts
and behaviors and protect women against perinatal increases in depression. Larger RCTs
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with follow-up assessments across the postpartum year are needed to better characterize
potential protective qualities of insomnia treatments for depression and suicidal ideation.

4.5. Standard CBTI does not reduce cognitive arousal: a critical limitation

Digital CBTI had no effect on nocturnal cognitive arousal. This is consistent with evidence
from a prior face-to-face CBTI RCT also showing minimal or no effect of standard CBTI on
cognitive arousal [61]. Given that individuals with insomnia have cognitive-emotional
profiles similar to patients with depression and anxiety [65-69], it is unsurprising that 1-2
sessions of cognitive therapy in a standard 6-session CBTI protocol has minimal impact on
the manner in which poorly sleeping pregnant women process stress and other negative
information. Augmentation strategies to enhance CBTI effects on cognitive arousal (eg,
rumination, worry) may improve acute treatment response by reducing faulty cognitive
processing known to fuel insomnia [70,71] and may even enhance long-term outcomes for
treatment responders by reducing a robust risk factor for insomnia relapse [72]. As pregnant
women, especially those with insomnia, endorse high levels of cognitive arousal and stress-
related sleep reactivity, which are linked to depression and suicidal ideation during
preghancy [11,12], directly targeting concomitant cognitive arousal and depressive
symptoms should be primary goals of insomnia therapy in perinatal populations.

4.6. Limitations

The present study should be interpreted in light of certain limitations. Our primary limitation
concerns a lack of follow-up assessments beyond the newborn period. Longer-term
prospective data are needed to improve our understanding of the durability of these effects in
new mothers and the potential for prevention of depression and other consequences of
insomnia including quality of life, and economic outcomes. Indeed, our postnatal follow-up
was during the newborn period, which is typically marked by chronic sleep deprivation due
to nighttime infant feeding and unstable infant sleep patterns. Postnatal sleep studies should
assess sleep at least throughout the first postpartum year and account for key environmental
factors that may impact maternal sleep and wellbeing such as maternity leave and partner
support. It is possible that this transition period of sleep instability may have masked
therapeutic effects of CBTI on insomnia symptoms that could potentially re-emerge after
infant sleep stabilizes. Future studies should characterize patterns of insomnia re-emergence
and relapse across treatment conditions as well as trajectories of postpartum depressive
symptoms over the longer-term. In addition, we did not collect sleep diary data in the present
study, which would have enriched our study outcomes. Special consideration may be given
to sleep pattern stability, especially after childbirth. If CBTI patients continued to implement
behavioral sleep strategies, it is possible that they may have more stable sleep patterns, even
in the newborn period. Future studies should collect sleep diary data in pregnant and
postpartum women to determine whether CBTI helps moms stabilize their sleep schedules.

Another key limitation regards a lack of objective sleep assessments and physiological
markers of cognitive arousal. CBTI produces minimal to no effect on objective sleep
disturbance in non-pregnant patient populations [73]. And although patient-reported
outcomes best represent the clinical experience of insomnia, there has been a resurgence of
interest in objective sleep disturbance within insomnia [74], given its association with
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morbidity, mortality, and treatment-resistance [53,75-78]. Notably, cognitive arousal while
trying to fall asleep is associated with objective sleep disturbances [79-84], thus enhancing
CBTI effects on cognitive arousal (both objective and self-report measures) has potential to
improve objective sleep. Lastly, our study was underpowered to test treatment effects on
suicidal ideation, which has a relatively low base rate, especially considering that severely
depressed women were excluded. Notably, just 3 controls and 2 CBTI patients endorsed
suicidal ideation before treatment. Although both CBTI patients denied suicidal ideation
after treatment, whereas all controls continued to endorse this symptom, the analysis was
non-significant due to insufficient statistical power.

4.7. Tailoring CBTI for perinatal women with insomnia

Data from this RCT and prior CBTI trials suggest that standard CBTI is not currently
designed to maximally treat prenatal insomnia. Further, digital interventions may be at an
added disadvantage due to the lack of personalization to the variable perinatal experience.
Given the unique factors that trigger and/or perpetuate perinatal sleep problems (eg,
pregnancy/maternal-specific worries and concerns, physical discomfort, urinary frequency,
fetal activity, difficult infant temperament and sleep [5,7,12,85-87]), combined with
potential obstacles to insomnia therapy adherence for new and expectant mothers (eg,
difficulty adhering to sleep restriction), perinatal insomnia patients will likely best benefit
from mobile health interventions designed to account for the experiences of pregnancy and
new motherhood.

Indeed, CBTI-whether delivered by sleep or mental health clinicians or digitally—should be
better tailored for new and expectant mothers. In the present study, the only modification
was to ensure that time-in-bed was never restricted below 6 h. In the prior face-to-face CBTI
RCT, the authors also included this modification in addition to adding an extra 30 min to
time-in-bed (added to self-reported habitual sleep duration) and providing perinatal
psychoeducation. It is possible that these additional modifications enhanced their treatment
outcomes in this patient population. Potential modifications to consider may be scheduling
limited naps to ensure opportunity to obtain adequate sleep [43], augmenting CBTI with
mindfulness meditation to reduce cognitive arousal [88-90] and to improve healthy coping
with perinatal stress and sleep problems [91-95], and implementing postpartum follow-up
visits to monitor maternal sleep and to teach mothers behavioral interventions to improve
infant sleep [96-98].

5. Conclusions

Despite over half of pregnant women experiencing clinically significant insomnia, few
empirically supported insomnia treatment options are available for this population. Early
evidence indicates that CBTI is efficacious for improving sleep during pregnancy, which
also has longer-term benefits for the postnatal period but perhaps to a lesser extent. Although
evidence supports CBTI efficacy when delivered through a fully-automated digital
intervention, treatment outcomes may be superior for pregnant women receiving the
intervention from a specialist with expertise in maternal and infant sleep, who may be better
able to navigate patient factors unique to the perinatal period. Even so, digital CBTI
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represents a more widely available and more cost-effective alternative for pregnant women
with insomnia who have difficulty accessing CBTI specialty care. Future studies are needed
to better tailor CBTI—face-to-face and digital—for treating insomnia in the perinatal period.
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Assessed for Eligibility Excluded

Nolnsomnia N=111

Gestational age N=39
High risk N=10

v

Sleepaiduse N=10
Severe depression N=3
Declined N=2
Shiftwork N=2

Randomized (n=91)

Untreatedsleepapnea N=2
Multiple pregnancy N=2

Alcohol/Substance use N=2

*Some patients excluded for multiple reasons*

Assigned to CBTI (n=46)
Completed all 6 sessions: n=28

Completed 4-5sessions: n=9
Completed 1-3 sessions: n=6
Completed 0sessions: n=3

v

v

Assignedto Sleep Education (n=45)
Completed all 6 sessions: n=40

Completed4-5 sessions: n=0
Completed 1-3 sessions: n=3
Completed 0 sessions: n=2

3

46 completed posttreatment study outcomes

44 completed posttreatment study outcomes
1 lostto late-term stillbirth, discontinued study
(45 included in ITT analyses)

44 completed postnatalstudy outcomes
2 losttounknown reasons
(46 included in ITT analysis)

v

Fig. 1.

42 completed posttreatment study outcomes

1 lostto late-term stillbirth, discontinued study
2 losttounknownreasons

(45 includedinITT analyses

Flow chart of study enrollment and participation.
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Fig. 2.
Means and 95% confidence intervals of sample mean standard errors presented for insomnia

symptoms, sleep disturbance, sleep duration, and depressive symptoms by condition (CBTI
vs Control) at pretreatment, posttreatment, and 6-week postnatal follow-up (* represents
significant group differences in mean outcome scores per univariate ANCOVA).
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